The aim of this Danish nationwide study was to evaluate the treatment of myocardial infarction (MI) in patients with nonend-stage chronic kidney disease (CKD) and in patients requiring renal replacement therapy (RRT). Upgraded guidelines for the management of MI were implemented around 2004; hence, the treatment of MI in the time periods before and after 2004 was compared in order to evaluate the impact for patients with CKD.
Introduction
Cardiovascular disease is a common cause of death in patients with chronic kidney disease (CKD). Fifty per cent of dialysis patients die within 2 years after a myocardial infarction (MI). 1 Even mild CKD is a major risk factor for cardiovascular complications after MI. 2, 3 Chronic kidney disease patients, including those requiring renal replacement therapy (RRT) with dialysis or renal transplantation, are often excluded from clinical trials. 4 Despite the lack of evidence from randomized trials concerning the treatment of MI in CKD, the National Kidney Foundation KDOQI Guidelines recommend that all CKD patients presenting with acute MI should be treated as patients with no renal disease, with the exception of specific attention to drugs that have altered clearances in kidney failure. 5 These recommendations are also applicable in Denmark, where the national guidelines suggest coronary angiography and percutaneous coronary intervention (PCI) performed along with pharmacological treatment with antiplatelet agents, beta-blockers, thrombolytic therapy, and lipid-lowering agents. Previously, studies have shown that patients with CKD were subject to underuse of treatment options after MI 6 -9 and factors such as the risk of contrast-induced kidney injury (CI-AKI) and severe comorbidity in CKD patients might influence treatment decisions in these patients. 10, 11 Early invasive strategies for the treatment of MI were implemented in Denmark around 2004 in line with the upgraded European Society of Cardiology (ESC) guidelines 12 and it is presently unknown whether the handling of MI in CKD patients has changed accordingly. Therefore, the objective of the present study was to describe the treatment of MI in patients with and without CKD before and after 2004 in this Danish nationwide cohort study.
Methods

Data sources
Linkage of nationwide administrative registries by the personal unique civil registration number provided information on patients admitted to Danish hospitals. 
Study population
In the National Patient Registry, we identified patients aged 25 years or older admitted to Danish hospitals with first-time MI (ICD10 codes I21-I22) in the period 2000 -09. The National Patient Registry does not hold valid information of STEMI and NSTEMI and MI was evaluated as one entity. To study first-time MI, we excluded patients with a MI diagnosis before 2000. Both patients that did not survive or were discharged on the first hospital day were excluded from the study population. Patients that did not survive the first hospital day were excluded due to insufficient observation time and patients who were discharged on the first hospital day were defined as not having MI. As we compared the treatment of MI among patients with and without CKD at the time of admission, we excluded patients who started RRT or were diagnosed with CKD within 3 months after MI as an undiagnosed kidney disease at admission would blur the treatment in the group of patients with no renal disease. Patients requiring RRT were identified in The Danish National Registry on Regular Dialysis and Transplantation and patients with non-end-stage CKD were identified in the National Patient Registry with one of the following diagnoses prior to MI: diabetic nephropathy, chronic glomerulonephritis, chronic tubulo-interstitial nephropathy, hypertensive nephropathy, adult polycystic kidney disease, chronic nephropathy of other origin, or chronic nephropathy of unknown aetiology.
Invasive coronary procedures
Performed coronary angiography, PCI, and coronary artery by-pass grafting (CABG) were coded according to the Nordic Medical Statistics Committees Classification of Surgical Procedures (NCSP) which is registered in the National Patient Registry. The codes are used as measures of activity and form the basis for the reimbursement system in the Danish National Health Service.
Pharmacological treatment
Information on filled prescriptions 180 days before MI and 90 days after MI on clopidogrel, aspirin, statins, and cardio-protective drugs was retrieved from the Danish Register of Medicinal Product Statistics. Cardio-protective drugs were a composite of beta-blockers, alpha-beta blockers, and renin-angiotensin blockers.
Comorbidity
Comorbidity was defined as primary and secondary discharge diagnoses up to 1 year before the index admission, including diabetes with complications, congestive heart failure, cancer, cerebrovascular disease, pulmonary oedema, cardiac dysrhythmias, and shock. 18 
Main outcome parameters
The main outcome parameters were invasive treatment with coronary angiography and PCI/CABG (coronary revascularization) and pharmacologic treatment with clopidogrel, aspirin, statins, and cardio-protective drugs. For invasive treatment, outcomes within 60 days after first-time MI were recorded. A 60-day period was chosen in order to include as many examinations as possible and at the same time avoid examinations due to reinfarction. Filled prescriptions within 90 days were recorded for the pharmacologic treatment outcome parameters. 19 The absolute frequencies of coronary angiography and PCI performed within 1, 3, and 60 days and filled prescriptions 180 days before MI and 90 days after MI are presented as well.
Statistics
Baseline variables are presented as percentages and medians with interquartile ranges. Figure 1 ). Patients requiring RRT were younger than both non-end-stage CKD patients and patients with no renal disease ( Table 1) . Approximately Standard guideline-based treatment of MI in patients with CKD one-third of all patients were women. Diabetes, cancer, cerebrovascular disease, pulmonary oedema, and cardiac dysrhythmias were more frequently seen in non-end-stage CKD patients and in patients requiring RRT compared with patients with no renal disease ( Table 1) .
Mortality
Non-end-stage CKD patients and patients with no renal disease had significant lower all-cause mortality rates after 30 and 365 days after 2004 compared with the time before 2004. The improved survival rates were not observed for patients requiring RRT ( Table 1) .
Coronary angiography and coronary revascularization (PCI and CABG)
Overall, significantly more patients in all three patient groups were examined with coronary angiography and PCI within 60 days after 2004 ( Table 2) .
The increase was more pronounced in patients with no renal disease: 24% (no renal disease), 12% (non-end-stage CKD), and 14% (requiring RRT) for coronary angiography and 20% (no renal disease), 9% (non-end-stage CKD) and 6% (requiring RRT) for PCI, respectively ( Table 2) . A substantial reduction after 2004 in median time from hospital admission to coronary angiography and coronary revascularization was seen ( Table 2) . Figure 2 ). The chance of coronary revascularization within 60 days in non-end-stage CKD patients and in patients requiring RRT compared with patients with no renal disease was unchanged across the study period ( Figure 2 ). Both before and after 2004, non-end-stage CKD patients and patients requiring RRT were significantly less treated with coronary angiography and coronary revascularization compared with patients with no renal disease ( Figure 2 ). We performed an additional analysis to evaluate the possible treatment differences between dialysis patients and patients with a kidney transplant ( Table 3) . Data showed that the percentages of patients with a kidney transplant having a coronary angiography performed within 60 days were almost similar to that of patients with no renal disease, whereas PCI was performed to a lesser extent. For both dialysis patients and patients with a kidney transplant treatment with both coronary angiography and PCI increased significantly after 2004 ( Table 3 ). In our study population, the MI diagnose was coded as 
Pharmacologic treatment
Filled prescriptions on clopidogrel, aspirin, statins, and cardioprotective drugs after MI are shown in Table 4 . Except for cardioprotective drugs in patients requiring RRT, the frequency of filled prescriptions increased over time for all patients irrespective of renal disease ( Table 4) . Cox proportional hazards analysis of filled prescriptions within 90 days after MI before and after 2004 is shown in Figure 2 . with no renal disease and did not change during the study period. The hazard ratios were almost the same as for coronary angiography. Overall CKD patients, including patients requiring RRT filled significantly fewer prescriptions on recommended post-MI drugs compared with patients with no renal disease. Treatment with aspirin, statins, and cardio-protective drugs were more frequent in non-end-stage CKD patients and in patients requiring RRT before MI compared with patients with no renal disease, probably reflecting more comorbidity.
Use of clopidogrel after MI for both dialysis patients and patients with a kidney transplant increased significantly after 2004 (Table 3) . Aspirin, statin, and cardio-protective drug use in patients with a kidney transplant were unchanged over time, whereas in dialysis patients a significantly increase in use of statins after 2004 was seen ( Table 3) .
Discussion
The present study shows, at a national level, that the significant implementation of invasive procedures after MI has to a lesser degree included the CKD population. In non-end-stage CKD patients, the frequency of coronary angiography within 60 days after MI increased significantly from 25% before 2004 to 37% after 2004, and in patients requiring RRT from 31% before 2004 to 45% after 2004. Myocardial infarction patients with no renal disease had a significantly increase in coronary angiography procedures from 44% before 2004 to 68% after 2004. The relative chance for coronary angiography fell significantly from 69 to 60% in non-end-stage CKD patients and from 56 to 47% (non-significant) in patients requiring RRT compared with MI patients with no renal disease. The frequency of PCI within 60 days showed the same pattern with a significantly increase in patients with no renal disease from 30% before 2004 to 50% after 2004, in non-end-stage CKD patients from 15 to 24% and 19 to 25% in patients requiring RRT. As for coronary angiography, the relative chance for coronary revascularization with PCI/CABG fell (nonsignificant) in patients with CKD. Furthermore, both coronary angiography and coronary revascularization were performed some days later in MI patients with CKD. For patients requiring RRT, there was a marked difference between the frequency of invasive coronary procedures in dialysis patients and renal transplanted patients. (9) 22 (6) 90 (6) 94 (6) 3898 (9) 2439 (7) Days from admission to PCI/CABG (median, IQ range)
The percentage of patients with a kidney transplant treated with coronary angiography within 60 days was almost the same as for patients with no renal disease, whereas the percentage for PCI was slightly lower. Only limited literature concerning coronary invasive treatment after MI in patients with a kidney transplant was found; however, kidney transplant status did not seem to influence the medication use after MI. 20 In the subgroup coded STEMI patients, patients with no renal disease were treated with acute PCI more frequently after 2004 and to a greater extent than patients with CKD, confirming the overall conclusion that patients with CKD are less treated with standard guideline-based therapies than patients with no renal disease. The lower use of coronary angiography and coronary revascularization in MI patients with CKD may have several reasons. One explanation might be the sparse evidence pertaining to an improved outcome after invasive procedures in these patients and another probably more important explanation is the risk of CI-AKI which in patients with non-end-stage CKD might lead to worsening of an already reduced renal function and, in patients requiring dialysis, it might cause the loss of residual renal function. Furthermore, the use of invasive procedures might also be influenced by comorbidity, which is often severe in patients with CKD. Compared with the results from this study, other studies have shown even worse rates of reperfusion therapies in patients with moderate CKD after MI. 8, 9, 21 Cohort studies and subgroup analyses have provided somewhat diverging results on which treatment strategy should be applied and favourable outcomes after recommended therapies have been shown as well as less significant effects of recommended treatment. 22 -33 Data from the SWEDEHEART registry showed that a 1-year mortality benefit of early revacularization over medical therapy was seen in patients with estimated GFR (eGFR) above 30, 22 whereas no benefit was seen in patients with eGFR below 30; however, only 44 patients with eGFR below 30 were included in the study. Incidence of reinfarction was not evaluated. A subgroup analysis from the TACTICS-TIMI trial 34 showed a benefit of early revascularization on the composite endpoint death, MI, and revascularization in patients with creatinine clearance of 30-60 mL/min and similar results were found in the GRACE registry. 35 Although these studies suggest a therapeutic benefit in patients with mild to moderate renal insufficiency, evidence from clinical trials regarding a therapeutic threshold of a certain level of renal function is lacking probably contributing to the less use of standard MI therapy in CKD patients. Contrast-induced kidney injury is important but the risk has to be evaluated in light of the marked cardiovascular morbidity and mortality in CKD patients. A recently published retrospective study of more than 33 000 patients with MI between 2000 and 2008 showed that the overall incidence of acute kidney injury (defined as an absolute increase in creatinine level of at least 0.3 mg/dL or a relative increase of at least 50% during hospitalization) declined from 26.6% in 2000 to 19.7% in 2008 despite the ageing population and rising prevalence of risk factors for acute renal failure, including CKD. It was suggested that the decline in acute kidney injury may be due to improved efforts at preventing CI-AKI in MI patients.
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Figure 2 Probability of coronary angiography and coronary revascularization within 60 days and filled prescriptions on clopidogrel, aspirin, statins, and cardio-protective drugs within 90 days after myocardial infarction in patients with non-end-stage chronic kidney disease and patients requiring renal replacement therapy compared with patients with no renal disease. Values are shown as hazard ratios (HR) with error bars illustrating the 95% confidence intervals. P-values demonstrate difference between time periods. Statistically significance at P , 0.05.
Standard guideline-based treatment of MI in patients with CKD
The recommended post-MI drugs, as judged by filled prescriptions within 90 days, generally increased after 2004, although the chance of filling prescriptions was lower compared with patients with no renal disease. When non-end-stage CKD patients and patients requiring RRT were treated with invasive procedures, the chance of filling a prescription on clopidogrel afterwards was significantly reduced compared with patients with no kidney disease. Same result was found in a study by Gibney et al. The overall lower use of post-MI drugs could be related to the prevailing poly-pharmacy in patients with CKD increasing the risk of drug-related adverse reactions and drug interactions. Cohort studies from the USA 7 -9 have shown a substantial underuse of invasive and medical treatments after MI. However, opposite USA, Denmark offers free medical care to all citizens regardless of income as well as a reimbursement of parts of the medicine expenses, so at least this should not be an obstacle for the treatment of patients with CKD. Overall, the increases after 2004 in invasive procedures performed within 60 days after MI and in filled prescriptions on clopidogrel, aspirin, and statins within 90 days suggest increased awareness on providing CKD patients recommended MI treatment and less therapeutic nihilism. 45 However, compared with patients with no renal disease, patients with CKD are less treated with invasive procedures and post-MI drugs with the exception that patients with a kidney transplant were treated with coronary angiography to the same extent as patients with no renal disease.
Strengths and limitations
The major strength of the present study is that it is based on nationwide registries, i.e. the description of the MI treatment pertains to all citizens in Denmark. The diagnosis of MI in the National Patient Registry has been validated with a positive predictive value of 92.4%. 46 The
Danish Registry on Regular Dialysis and Transplantation is valid and complete. 17 One major limitation in our study was that we did not have valid information regarding whether the MI was STEMI or NSTEMI as the guidelines differ for these two presentations of MI. However, our main outcome was coronary angiography and revascularization within 60 days and hence would include both STEMI and NSTEMI patients. Another major limitation was that patients diagnosed with a CKD at any time before MI were analysed as one group as we did not have access to measures of kidney function and therefore not able to describe the treatment of MI according to CKD stages. On the other hand, previous studies have evaluated MI treatment according to plasma creatinine levels measured at admission, which might not reflect any CKD but rather be a snapshot of the acute illness. Therefore, eGFR at admission might cause the higher rates of CKD in the MI population seen in these studies. 8, 9, 22, 23, 25, 28, 29, 33, 40, 47 Yet another limitation was that we did not have access to information about risk factors such as smoking habits and body weight and we did not have access to information about the activity of daily living. Compliance is also an important limitation. Even if patients filled their prescriptions, we could not be sure that they were actually taking the medicine and for those not filling prescriptions we could not differentiate whether the patients did not receive a prescription at discharge or chose not to fill it.
Conclusions and implications
We demonstrated that the absolute frequencies of invasive procedures and filled prescriptions on post-MI drugs increased after 2004 in all patients irrespective of renal disease and that patients with a kidney transplant were offered same level of care as patients with no renal disease regarding treatment with coronary angiography within 60 days. Compared with patients with no renal disease, significantly less use of standard MI treatment in patients with CKD was demonstrated in this nationwide study. Explanations for this less use of standard MI treatment in CKD patients could be the sometimes severe comorbidity among CKD patients and the risk of CI-AKI, but this study was not able to confirm this.
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